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forward so rapidly that  important researches 
of the  past four  or five years arc not found 
included i n  it. This  defect, l i o ~ ~ e v e r ,  as inti- 
mated above. nlay be regartled as cornpen-
sated for  by the comprehensive ant1 historical 
sweep which characterizes Ll~ciani 's siirvcy of 
the subject. W. B. C ~ x n o u  

T h p  'CT'ontTr?*o f  L i f e .  J. A R T I ~ U R1:y TIIOM-
SON. Ncm Yorli, H m r y  ITolt and Company. 
1914. 
Once more wc arc indebted to Profeisor 

T2lomson l o r  a scnlipopular worli on biology, 
this tirne with c~ontents of 21 very nlisccllancous 
character, better to reflcct t h r  vnrit~d aspects 
of living nature. IVc liavc, i n  fact, a fjiolog- 
ical (mainly zoological) scrap-l)ool<, ful l  of 
interesting matters glcnncd froin more or less 
recent litcraturc, carcfally selcctcd and di-
gested for our bcnptit. All tliis is loosely 
t l~ rown together under several g e l i e r ~ l  licad- 
jngs, "The Drama of Lifc." " T h e  Haunts  of 
l , i f~,"  "The Tnsurgel~cc of T,ifc," "The ifrays 
of Lifc," '(The WcL of Life," '+ The Cycle of 
Life " and "The TATontler of I,ifc," l-rith more 
than 300 wpwrate minor topict,. EizcEl ch:rptcr 
is 11eadcd by n srlccatio~l from the apl~orisrns of 
Gocthc, as trailslated by IITuxlcy. Thc boolr is 
admirai>ly adapted for " si~pplcn~entaryread-
in8 " i n  a course on biology or  zoology, or it 
might itself he mad(. thc basis of a seminar 
eolrrse. Tis grcat value lies i n  i t b  wicle scope 
and breadth of view, with every cmphasit, on 
vital phcnoincna ratlicr than on inorl~bolopical 
details or c.lassification. I t  it, addresbed, horn- 
ever. to a n  educated public, and even i n  places 
presupl'oses more zoological liliowledg-e than  
most of 11s can boast. F o r  example, on page 
105 -cw are pulled u p  short by the startling 
a n n o ~ l n c ~ n i c n t  one expects to find atha t  " n o  

Crustacean like B ~ j o L ~ ~ e p 7 1 ~ s 
Z017gimanus jn a 
po~~tl ."It is probl~bly tn lc  that  very few have 
evcr approached a portd wit11 any buch expcc- 
tatir,,,! Douhtlcss it  is  good for  us, Ilowcver, 
to  bmnp now and again into things we do not 
~Gdcr, i  and, n l e ~ c l y  to dinrirrislr tha t  conceit 
~ h i r h  too readily clevelops after rca:tcling rlis- 
cns.;ions so lucid as tl-tobe of Yrofessor Thorn- 

The sl>ccialist will here m ~ t l  there find t l ~ i n g s  
ilot quite up to datc, or statcrl x~i thout  su%-
eicnt rcfcre~ice to  diversc poir~ts  of view, hilt 
the general in~presqion gained is thal the worB 
is atlmirahly tlonc, and that i n  all probability 
no other t~at i~rnl is t ;  coulti have done it bettor, 
i f  so well. 'rhc illuqtrations, ilrcluiliug rnany 
colored plates, are pleasing and instructive, bn t  
not u p  t o  the. ztandard of the text. Sonie are  
refilly bacl, as E'iq. 8J, a colorcd plate of leaf- 
insccts (Phgllirhne). The  ~ o l o r i i ~ gof ihe 
foliage, to correspond with the insects. is 1ln- 
natural  and willivut ally ndcqt~ate basi.:; wliile 
the. insccts arc draw11 from momitetl spcci-
mens wit11 the legs S P T C A ~in the ronrc~ntional 
way, r v i t h o ~ ~ tany  rcfercnce to the plant on 
which they arc suppoccd to bc resting ! The 
niost ridiculous object is the young onc, slrown 
as resting on a nearly lrpright branch, with 
its legs waving wildly ill the air. T ~ Prirllolo 
thing is certainly, as it  sti?~l(Xs, a pi(~cc of 
"n ature-faking." Fig. 39, represcriti~~y young 
spiders, bho~vs sonic of them with tlie lnead and 
thorax separate, lilie a n  insect. 

TEicre is  a passage on page 595, Iicginning 
Ihc discussion of the T'ansmissik~ility of Ac-
cluiretl Character.;, which indicates that bncll 
transmission i s  perfectly easy i n  unicclhlar  
animals, which simpl.1- divide into two. Sen-
nings has wcll sliomn the fallacy of tliis nawo 
conccption, and i t  seems surpri.?ing thai  Fro-
Ecssor Tholnson ~lioulcl offer it, not merely as 
an idea, l ~ ~ l t  fact.as  a well-IC~OWII 

'f. D. 11. COCR+~KELL 
Ux~vi;nsr.r~oa Cor,o~z.lno 

Tnls paper rccorrls a con t in~~at io l l  of the ob- 

servatiolrs purhliql~cd recently2 in SCIFNCE
on 

the male germ cells of the grasshopper, 

Dzsosleira C'arolina, and of the cockroach, 

Pel-iplatr eta  i f  rnericana. Thc cells were Iso-


1 Slightly modified from :I paper reacl before 
the American Society of Zoologists, Pl:jladclpliia, 
I)ctembe~29, 1914. 

2 R,olroiC Chnrnbeis, Jr., "Somc T'hysical Prop-
erties of the Cell Nuc~lrus," S c r ~ x t ~ ~ ,N, S.,SL., 
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lated and studied by means of microdissection 
and vital staining in a hanging drop of the 
insect body fluid in 13ai~bcr's moist chanlber. 

The cytoplasm exhibits an extreme varia- 
bility in its consistency. On tearing i t  may 
go into solution, setting free the nucleus and 
the cytoplasmic granules. Often the cyto-
plaqm goes into solution with a rapidity 
suggestive of an explosion. A slight tear-
ing of the surface is followecl by a moment 
of apparent inactivity. Then comes a sliglit 
convulsive inovemcnt 2nd the torn surface 
opens up, a s~velling appearing especially a t  
this place. Within a few secoiid. nothing re- 
mains but the nucleus and the ~nitocllondria 
in the form of grannles or a network. The 
nucleus in its turn  swells and goes into soln- 
tion. The mitochondria persist for a mr~ch 
longer time. Individnals are also met with 
whose ceI1s retain their shape, the torn region 
being gradually obliteratecl by a closing in 
of the s~irrounding cytoplasm. 

I t  is significant that all the cells of a given 
individual are constantly uniform in their 
behavior. 

I n  an attempt to ascertain the cause for this 
variability in the consistency of the proto- 
plasm a series of experiments has been 
planned, one of which is the investigation of 
the gernl cells of food and ~vater starved indi- 
viduals. Cockroaches starved for three weeks 
in a clry h a t e d  room wcrc fonncl uniformly to 
possess germ cells remarlrable for their tough- 
ness alicl resistance to ruechanical injury. 

Physiological " salt, solutions in various 
dilut.ions were all found to i~roduce a swelling 
effect on the cell. The first evidcnce of this in 
isolated cells is the assnml?tion of a spllerical 
shape. The addition of a trace of egg alb~nnin 
counteracts the swelling to a slight extent. 
As swelling proceed's the viscosity of thc 
protoplasm at first increases. agglutination 
phenomena beconling very marlced. Later the 
viscosity is lost, possibly due to the increased 
imbibition of water. 

When observed in body fluid, thc cells tend 
to keep their irregular shapes. Spermato-
cytes exhibit slow amaboicl movements. Iso-
lated cells, however, soon becoine spherical. 

They also become spherical and swell on in-
jury as when they are punctured with a needle. 

The mitochondria in the primary sperma- 
locyte of Disosieira form a voluminous gran- 
ular network surrounding the nuc~leus, plainly 
ris5ble in tIlc fresh unstained cell. The cleli- 
cate tracery of the mitochondrial structures in  
this, and in subsequent, stages is shown beauti- 
fully witli Janus grc.en, beside ~vhicli similar 
structures seen in fixed material appear crude 
and in many respects erroneous. If the Janus 
green stain be heavy, its coagulative effect is 
apparent in the increase and clumping to-
gether of the granules. If the cell be torn, 
the cytoplasnl goes into solution and the stain 
very qoon fades out, the granules swell and 
coalewe, forming irregular lumpy masses 
which pjersist for a long time. 

During metaphase the mitochondria1 net-
cvork is pullerl out into a spindle-shaped struc- 
ture inwesting the viscous Irinoplasmic rnate- 
rial. Tearing of the cytoytlasin causes a loss in 
the bipolar arrangement of tlie cell structnres, 
the mitochondrial strands wrinlrle and the 
wholo spindle becomes distorted. The chrom- 
osomes scatter. Within a few minuter; the 
relatively dense Irinoplasinic mass goes into 
solr~tion leaving the ~nitochondrial net~vo1.k 
with the cliromosonies irregularly dispersed 
inside. I n  one such case two spermatozoa 
corl<screwed their way between the meshes of 
the mitocliondrial spindle. Whenever their 
tails touched the riscous material of the 
meshes violent lashings were necesrary to set 
themselves free. Onc struck its head against 
a mesh anrl was held prisoner for several 
minutes until tllc viscosity of the material 
was decreased during the dissolution process. 
The other spernlatozoon hit a chroniosome 
which st~rck to its tail and the spermatozoon 
twirled away d~.agsing off the chromosome. 

Dnring anaghase and telophase the gran- 
ules and strands of the ~nitochondrial network 
are lengthened into delicate filamentous 
threads lying betwccn the two groups of 
chromosomes. These are the interzonal fila- 
ments or the spindle-rest described in fixed 
material. As constriction between the daugh- 
ter cells progresses, the tension of the fila- 
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ments diminishes. Their tins vacuolize and 
appear lumpy, giving evidence again of a net-
worlr arrangerncnt of gra~zules. As tlie con-
striction deepens, the cluster assume? the form 
of an holm-glass. Tlre Janus green stain now 
disappears at tlie middle as if tlie xnitochon- 
drial ina.teria1 were draw11 away or Ilad gone 
into solution. Ti1 late telophase the substance 
of one daughter cell may be torn away from 
the other cell leaving the mitochondria1 fila- 
~ncnts  projecting in nalced strands which soon 
wrinkle and curl and finally coalcscc into a 
lulnpy mass. 

Cells in late anapllase and telophase may be 
caused to assunle a spherical shape by mechan- 
ical agitation or tearing with the needle. The 
lnitochondrial spindle is then very much tlis- 
torted, tho filaments beconle mrinlilcd and 
tangled. At the end of the ccll diviqion, each 
daughter cell contains a cluster of rnitochon- 
drial filalnents which have already begtin to 
be transforxncd into a granular rletworlc mass -

mrhich gradually spreads around thc nucleus. 
The nlitochondria are not stable structures. 
Granules a t  one nloment may dram out into 
tlireads. or coalecce with their neighbors, or 
go into solution, freslilly formed granules rc- 
placing them. 

I n  the spertnatid the mitocliondria mass at  
one side of the nucleus to fonn the Nebenkern. 
The rnitorhondrial granules, a t  first loosely 
di.;tribulcd, soon collect into a compact body 
which stains a solid blue with Janus green. 
On dissectiiig the Nebenli-ern out of the cell, 
it disintegrates into granules which persist 
as such for some time. 

The develol~nient of the axial filament was 
closely followed in the: cockroach. I t  origi- 
nates in connection with an apparent slough- 
ing off of material from tlie surface of the 
Nebenlrern. The eoilcd filament thus formed 
is bordered on  two sides with a longitudinal 
row of grannles collected a t  very regular in- 
tervals in small -~ulif orm eluinps. The fila- 
ment itself docs not stain with Janns green, 
the bordering granules, however, become in- 
tensely blue. One may watch the filalnent 
gradtxally llncoil and loosen fro111 the Neben- 
kern. One end is insel-led in a conical knob, 

(the blepharoble dt), on the surf ace of the cell 
nucleus. As it ilncoils, i t  forms a loop curv- 
ing along the pcripliery of the cell. The un- 
coiling is accompanied by an oscillatory 
movement ~vhich begins at  the knob and 
passcs in a wave along the filament. This 
niovement gains in strength until the whole 
body of t l ~ e  cell is thrown into ever rerurring 
waves. The movement is instantly arrested 
wlien the cgtoplasm is torn by the needle, 
The cytoplai~ll the11 gocs into solution and the 
filament either straigllrclls out or rleeprns ils 
curve possiL1y acvordillg to the character oE 
the wave at the moment the spermatid is torn. 
7 ' 1 ~ ~  the nucleus filaincnt remains attached LO 

and rnay be dragged abont with a needle. It 
is cllasiic and rigid and keeps its shape per- 
fectly for the short time before it goes into 
solution. During the process of its elonpa- 
tion the spermatid is vcry susceptible to touch. 
A slight priek -\irith the needlc will cause i t  to 
assume a spherical chapr. This is accom-
panied hy a distortion of the double row of 
granules alongside the axial filament so that 
one may obqerve the mare pass ~ lo l lg  one row 
slightly ahead of that along t11c other. 

When examined in Ringer's flnitl or whcu 
the spermatid is disturbed by tllo x~eedle, the 
rlumps lend to round off in the form of ves- 
icles. This is especially nolicrable in the case 
of tlze two largest c l~~n ips  close to the nucleus, 
Such an appearance is cominonly mct with in 
fixed material. As the filament straightens, 
the cell is drawn out into an attenuated body. 
The granulcs along the filamcnt coalesce to 
lorun two narrow ~xniformly hornogcncous bands 
which c x t ~ n d  alongside thr  spherical nuclens 
lo the anterior tip of the spermatid. The 
nueleus condenses into an optically honio-
gcneous and liighly refractirc body which 
graclr~:llly lengthens into the rod sliape of ihe 
~naiure  spernlatozoon. X 1a.rgc double chxlny 
of granules which lies immeiliately behind 
the ni~cleus condenses an& forins the neck 
piece. The throwing oil' of elnmps of cyto- 
plasm mas neler objerved except in preparWa-
tions in salt solutions or in old body-fluitl 
preparations where stxch cytolytic action was 
appare~ltin all the cells present. 
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The perforatorium of the ripe spermatozoon 
tapers off i n  the form of a corkscrew. I n  
Ringer's fluid i t  swells into a bleb-like process 
and as such is figured by Duesberg and 
Norse. The tail has two movements, a whip- 
like lash and a twirl, its base being used as a 
pivot. These two movements whirl the sper- 
matozoon forward in a corliscrem fashion. I t  
may be noted that the lashing movement of 
the spermatozoon tail is directly comparable 
to the waving of the axial filament within the 
spermatid. 

I n  conclusion I wish to emphasize the fol- 
lowing points drawn from this and frorn my 
previous paper : 

1. As far as nuclear structures are con-
cerned tlie study of fresh material coi~obo-
rates, i n  many interesting details, the observa- 
tions made i n  fixed material. Eoth niethods 
are necessary for a proper understanding of 
the structures. Our present fixing methods, 
however, are useless for the study of cyto-
plasmic and mitochondria1 structures and 
should be replaced by the study of fresh ma- 
terial. 

2. '' Physiological " salt solutions are more or 
less injurious to the cells studied which are 
normally bathed by organic fluids, i. e., liquid 
colloids. 

3. Puncture of a cell by a needle causes ir- 
reparable injury. When the injury is slight 
i t  a t  first hastens th'e normal reversible 
changes in  the physical states of the colloids 
i n  the cell but soon transforms them to an ab- 
normal condition from which tlie cell does not 
recover. 

4. Injury to the cell is always followed by 
swelling accompanied by an increased inhibi- 
tion of water. 

5. A tension exists in  the cell during di- 
vision which is immlediately lost when any 
part of the cell is torn. 

6. Anlceboid activities are prevalent among 
the germ cells. I n  this way extensive move- 
ments occur within the cysts of the testis 
follicle. Wh~en set free in  a liquid medium, 
the amceboid processes are very soon retracted 
and the cells assume a spherical shape. 

The movement in waves of the axial fila- 
ment of the spermatid starts at  the conical 
knob on tlie nucleus and accompanies the un- 
coiling of the filament from the surface of the 
Nebenkern. 

7. Thc staining of the lnitochondria by 
Janus is probably not due to a chemical com- 
bination. I n  time the stain fades out of the 
cell. If  the stained structure be brought into 
imznecliate contact with a liquid i t  is washed 
out almost immediately. 

8. Janus green, if used in sufficient con-
centration, will stain thc nuclear struct~~res.  
The dye is reduced to the red safranin even 
in the presence of abundant air. This has 
been observed in all stages of the germ cells 
and also in motile spermatozoa. Such cells, 
however, soon die. Dead cells take up the 
blue stain readily, the nuclear structures 
showing beautifully. 

9. Janus green, being a basic dye, coagu- 
lates albuminous substances. I n  living cells 
this coagulating effect is very noticeable. 
The stain, therefore, can not be used as the 
sole means for identifying mitochondria. 

10. The mitochondria, in the Orthopteran 
germ cell, are i n  accord with those studied by 
the Lewises3 in t l ~ e  tissue cells of the chiclr. 
They can not be classed as persistent struc-
tures. They pass from a granular stage into 
strands; they may coalescc into homogeneous 
masses; they disappcar and reappear and must 
be merely changes in physical states of the 
colloids which compose the cytoplasm. 

ROBERT JR.CHAMBERS, 

UNIVERSITY CINCINNATI
OF 

SOBIE NEW CASES OF APOGAMY IN FERNS. 

PRELIMINARY NOTE 

SEVERALcultures of Asp id ium tsussimense, 
Pellcrra adiantoiclis and Lastrea c7~rysoloba 
mere inade beginning June 25, 1914. The 
spores were sown on sphagnum, which was 
first placed in small stender dishes, saturated 
with a one-tenth-per-cent. Enop's solution, 
and then thoroughly sterilized in an oven. 

3 M. R. and W. H. Lea-is, "Mitochondrja in 

Tissue Culture," SCIENCE,.KT. S., XXXIX., p. 

330, 1914. 



